Abstract
Total RNA was extracted from frozen leaf discs using Trizol according to the manufacturer's 1 9 9 specifications. RNA yield was determined using a NanoDrop 2000 spectrophotometer (Thermo Scientific,
Waltham, MA, USA), and integrity was evaluated by agarose gel electrophoresis and ethidium bromide 2 0 1 staining.
0 2
A two-step reaction process of reverse transcription and polymerase chain reaction (PCR) was used for System 9700 (Applied Biosystems, Foster City, CA, USA) for 2 min at 42°C. The second step was to add nuclease-free water. Reactions were incubated in a 384-well optical plate (Roche) at 95°C for 5 min, analysis. At the end of the PCR cycle, a melting curve analysis was performed to validate specific 2 1 5 generation of the expected PCR product. The primer sequences were designed in the laboratory and synthesised by Generay Biotech (Generay, PRC) based on the mRNA sequences obtained from the NCBI 2 1 7 database as follows: AGTAGCTGCCGAATCTTCT.
1 8
The expression levels of mRNAs were normalised to GAPDH and were calculated using the 2 -ΔΔCt Initial and total Rubisco activities were determined according to a procedure described by Keys and Parry RuBP had been added to concentrations of 10 and 0.4 mM, respectively, immediately prior to adding the 2 2 6 extract. Total activity was determined by incubating 20 ml of extract for 3 min in 980 ml of the same 2 2 7 assay buffer without RuBP, allowing for carbamylation of all available active sites. The assay was started of initial to total activity. The inactive Rubisco content was the difference between the total amount of
Rubisco and active Rubisco content. Thirty culms with the same flowering date were tagged at anthesis. Gas-exchange measurements were were determined simultaneously. The average P max values of the six plants in each plot were taken as a 2 3 7
replicate. P max was measured from 9:00 to 11:00 using a portable photosynthesis system (Li6400; LI- capacity and leaf biochemistry. V cmax is the measure of the process by which Rubisco catalyses ribulose-
1,5-bisphosphate (RuBP) with CO 2 to produce the carbon compounds that eventually become triose difference may be related to whether interspecific (previous study) or intraspecific comparisons were 4 1 8 made (present study).
1 9
As V cmax represents the maximum carboxylation rate under both light-saturated and CO 2 -saturated 4 2 0 conditions, P max was measured under light saturation but at a normal ambient CO 2 concentration; 4 2 1 therefore, the difference between the two parameters reflected a limitation on photosynthetic capacity 1 4 (Parkhurst, 1994; Hanba et al., 1999; Wright et al., 2005; Hidaka et al., 2009; Peguero-Pina et al., 2012 ;
Tosens et al., 2012; Tomás et al., 2013) . In contrast to previous reports, thinner cell walls in leaves at all area and an unchanged stomatal aperture, which is also helpful for increasing chloroplastic CO 2 4 3 6 concentration (C c ). Combining these observations, we propose that the dominant mechanism for 4 3 7
improved P max in lower leaves in the canopy is enhanced CO 2 diffusion capacity, and that in the upper
leaves is dependent on the combination of Rubisco catalytic properties and CO 2 diffusion capacity. sowing dates. The LMA of upper leaves increased as a result of investing more biomass in a given area.
9
As N m remained constant, the SLN of these leaves increased, whereas LMA and SLN of the lower leaves October; L2-1, second leaf on 8 October; L2-2, second leaf on 22 October; L3-1, leaf 3 on 8 October; L3-2, leaf 3 on 22 October; L4-1, leaf 4 on 8 October; L4-2, leaf 4 on 22 October) with normal and late sowing at anthesis by electron microscopy in the 2016-2017 season. All pictures are magnified 100,000×.
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